Abstract-In this paper, we will present a comparison between the Adomian Decomposition Method (ADM) and Taylor Matrix Method by solving some well-known partial differential equations (PDEs). In order to illustrate the analysis we examined the Telegraph equation, which is considered one of the most significant partial differential equations, describe wave propagation of electric signals in a cable transmission line and Klein-Gordon equation which is encountered in several applied physics fields such as, quantum field theory , fluid dynamics , optoelectronic devices design and numerical analysis. Our study shows that the decomposition method is faster and easy to use from a computational viewpoint.
I. INTRODUCTION
Many scientific and technological problems in natural and engineering sciences are modeled mathematically by partial differential equations. In physics for instance, the heat flow and the wave propagation phenomena are well defined by partial differential equations. The dispersion of a chemically reactive material is characterized by partial differential equations. In addition, most physical phenomena of fluid dynamics, quantum mechanics, electricity, plasma physics, propagation of shallow water waves, chemical reaction-diffusion and many other models are governed by partial differential equations. Besides that a substantial amount of work has been investigated for solving such models [1] - [4] .
Most realistic partial differential equations do not have exact analytic solutions, so numerical techniques must be used to handle with them. Recently, several techniques including the method of Riemann invariants [5] , periodic multi-grid wave form [6] , variational iteration [7] and homotopy perturbation [8] have been used for the solutions of such problems. If any exact solutions exist, these numerical methods give generally approximate solutions which converge rapidly to these accurate solutions easily. The investigation of exact or approximate solutions to these partial differential equations will help us to understand phenomenas behind those models better.
The Klein-Gordon [9] , [10] from the relativistic energy formula, is one of the most important mathematical models in quantum field theory. It is a different version of the Schrödinger equation which is also one of the well known PDEs. In general, Klein-Gordon equation is used to describe dispersive wave phenomena in relativistic physics. It has attracted much attention in studying solitons and condensed matter physics, in investigating the interaction of solitons in a collisionless plasma and in examining the linear and nonlinear wave equations [11] , [12] . Approximate analytical solutions of Klein-Gordon equations via the differential transform method and homotopy perturbation method were presented in [13] , [14] .
The linear Klein-Gordon equation in its standard form is given by ( , ) tt xx u u au g x t − + = (1) Subject to initial conditions
where u is a function of x and t , a is a constant and ( , ) g x t is the source term.
Telegraph equation is also considered one of the most significant PDEs which describe wave propagation of electric signals in a cable transmission line. Many researchers have used various numerical and analytical methods to solve the telegraph equation. Mohebbi and Dehaghan [15] , studied high order compact solution to solve the telegraph equation. Saadatmandi and Dehaghan [16] , developed a numerical solution based on Chebyshev Tau method. Yousefi [17] used Legendre multi wavelet Galerkin method for solving the hyperbolic telegraph equation. Parkes et al. [18] used the Jacobi elliptic function expansion method, and proposed double periodic solutions.
The 
II. ADOMIAN DECOMPOSITION METHOD (ADM)
The topic of the Adomian decomposition method has been rapidly growing in recent years. It was first proposed by George Adomian [19] . In this method the solution of functional equations is considered as the sum of an infinite series usually converging to the solution. A lot of research works have been conducted recently in applying this method to a class of linear and nonlinear partial differential equations [20] - [22] . The method is well suited to physical problems since it makes unnecessary restrictive methods and assumptions such as the linearization, perturbations etc. which may change the problem seriously.
Here we just consider the basic points of this method, further details can be found in [23] . We first consider the equation
where L is the first order derivative which is easily invertible, R is a linear differential operator and Nu represents the nonlinear terms and ( ) g t is the source term. 
Applying the operator 1 L − to both sides of (4) and substituting infinite series form of all equations into this equation we obtain
where ( ) G t is the term arising from the source term and the prescribed initial condition. Finally, after selecting 0 u by using (8), we can start the iteration that will form the solution
be generalized to PDEs easily [4] .
III. TAYLOR MATRIX METHOD
Taylor matrix method has been used to find the approximate solutions of partial differential, integral and integro-differential equations [24] - [26] .This method shows the best advantage when the known functions in equation can be expanded to Taylor series about x c = which converge rapidly. To get the best approximation to the accurate solution, we need to take more terms from the Taylor expansion of functions, in other words the truncation limit N must be chosen large enough.
As in the previous section we will highlight only the points of the method that will be necessary for us. Details can be found in [27] .
Considering the second order PDE ( , )
With initial conditions
We first assume that the solution is expressed in the form This solution function can be written in matrix form
The relation between this matrix and its derivatives: 
Applying same procedure for ( , ) g x t , we can get:
Substituting the expressions (12), (13) and (14) into (9) 
For initial conditions we now consider new representation of ( , ) u x t to make calculation easier:
[ ]
By furnishing (16)- (19) into the (10) and by making some simplifications we get: ;
After applying Gauss elimination method to augmented matrix, we obtain W and G and Taylor coefficients are obtained as:
(20)
IV. NUMERICAL EXAMPLES
Let us now give the examples related with two methods for comparing the performance of them. We have used Maple 13 to handle with long difficult computations.
A. Example 1
Consider the linear inhomogeneous Klein-Gordon equation 
1) Adomian decomposition method
Operating with
We set the recursive relation as ( ) 
It is important to see here that the noise terms appear between the two components 0 u and 1 u .The noise terms phenomenon [19] 
2) Taylor matrix method
By taking 2 N = , we first assume that the problem has a solution in the form: 
Now using the initial conditions we have [ ] 
And applying Gauss elimination process to this augmented matrix we have found the Taylor coefficients as: 
u x t X x t A t t x xt xt x x t x t xt
As in the ADM.
B. Example 2
Consider the Telegraph equation in [28] 
And following the procedure presented before gives:
Also writing recursive relation as:
In view of (29) we obtain ( ) 
Consequently, the solution can be predicted as: 2 3 ( , ) 
which is exact solution.
4) Taylor matrix method
Following the procedure in Section 3, the fundamental matrix equation is written as:
where B , B and I is ( 1) ( 1) Note that one can get the better approximation for greater N .
C. Example 3
Consider the Telegraph equation 6 9
Under the initial conditions
1) Adomian decomposition method Equation (37) can be written in operator as: 
And following the procedure presented before gives Hence the approximate solution can be obtained as follows:
By ( 
which is the exact solution in closed form.
2) Taylor matrix method
Following the procedure in Section III, the fundamental matrix equation is written as: 
Errors are shown in Table II for comparison. As it can be easily seen, the results are healing by choosing the truncation limit N greater.
V. CONCLUSIONS
We applied Adomian decomposition method and Taylor matrix method to solve some well known partial differential equations. It is observed that these methods can be an alternative way for the solution of partial differential equations that have no analytic solutions. In all examples we show that our methods have a good degree of accuracy. We give tables to clarify the importance of the choosing truncation limit N sufficiently large.
Although the two methods provide good approximation, the decomposition method provides the fast convergent series of easily computable components and eliminates a lot of difficult computations required by Taylor matrix method. Consequently we can say that, Adomian decomposition method is more reliable and realistic than Taylor matrix method from the point of view of a practical implementation.
